on cells from an exponentially growing culture. Cell motility was investigated by observing cells grown in motility test agar (BBL; Becton Dickinson), and gliding motility was investigated using the hanging drop method described by Bernardet et al. (2002) . Gram reaction was determined by using a Difco Gram stain kit according to the manufacturer's instructions. Anaerobic growth was determined after incubation for 10 days at 30 8C in a GasPak anaerobic system (BBL) on MA and on MA supplemented with 0.1 % (w/v) potassium nitrate. The presence of flexirubin-type pigments was investigated by the bathochromatic shift test when a mass of bacteria collected on agar was flooded with 20 % KOH (Reichenbach, 1992) . Carotenoid pigments were examined by extracting pellets obtained from cultures grown for 3 days in MA at 30 8C with an acetone/methanol mixture (1 : 1, v/v) and then the absorption spectra of extracts were measured by using a scanning UV/visible spectrophotometer (DU730; Beckman).
The temperature range for growth was tested for 10 days on MA at 4, 10, 15, 20, 25, 30, 35, 37 and 40 8C . Growth at various concentration of NaCl (0, 0.5, 1, 1.5 and 2-10 %, at increments of 1.0 %) was investigated by supplementing with the appropriate concentration of NaCl in MB prepared according to the formula of the BD medium except that NaCl was excluded. The requirement for Mg 2+ ions was investigated by using MB prepared according to the formula of the BD medium except that MgCl 2 and MgSO 4 were excluded. The pH range for growth was investigated by using MB adjusted to various pH values (pH 4.5-9.5, at increments of 0.5 pH units) by the addition of HCl or Na 2 CO 3 . The pH values were verified after autoclaving. Cultures were incubated at 30 8C for 7 days. Catalase activity was determined by bubble production in 3 % (w/v) H 2 O 2 (Cowan & Steel, 1965 ) and oxidase activity was tested by using oxidase reagent (bioMérieux). Hydrolysis of casein, hypoxanthine, starch, tyrosine, xanthine and Tweens 20, 40, 60 and 80 was tested on MA, using the substrate concentrations described by Cowan & Steel (1965) . Hydrolysis of CM-cellulose and xylan was investigated on MA containing 0.5 % (w/v) CM-cellulose (Sigma) and 0.5 % (w/v) birch wood xylan (Sigma) and detected according to the method of Wood et al. (1988) . DNase activity was determined on DNase test agar (Difco) made with artificial seawater. The artificial seawater contained (per litre distilled water) NaCl, 24 g; MgCl 2 , 5.1 g; Na 2 SO 4 , 4 g; CaCl 2 , 1.1 g; KCl, 0.7 g; NaHCO 3 , 0.2 g; KBr, 0.1 g; H 3 BO 3 , 0.027 g; SrCl 2 , 0.024 g; NaF, 0.003 g; Lyman & Fleming, 1940) . Susceptibility to antibiotics was determined by the disc diffusion method, using commercial antibiotic susceptibility discs (Liofilchem) containing the following (mg per disc unless otherwise stated): amikacin (30), ampicillin (10), carbenicillin (100), cefalotin (30), chloramphenicol (30), erythromycin (15), kanamycin (30), lincomycin (15), nalidixic acid (30), neomycin (30), novobiocin (30), penicillin G (10 IU), polymyxin B (300 IU), rifampicin (30), streptomycin (10), sulfamethoxazole (50), tetracycline (30), trimethoprim (5) and vancomycin (30). The susceptibility was revealed by haloes around discs. Enzyme activities were determined after incubation for 8 h at 30 8C, by using the API ZYM system (bioMérieux); the strip was inoculated with cells suspended in artificial seawater. Other biochemical tests were performed using API 20E, API 20NE, API 50CH systems (bioMérieux) according to manufacturer's instructions, except that inocula for API 20E and API 20NE were prepared in half-strength artificial seawater, whereas those for API 50CH were made in a 1 : 1 mixture of CHB medium (bioMérieux) and half-strength artificial seawater. The results were recorded after incubation of the API strips at 30 8C for 3 days.
Cell biomass of strain 13-9-B8 T for DNA extraction was obtained from cultures grown for 2 days at 30 8C in MB. For analyses of fatty acid methyl esters, polar lipids and isoprenoid quinones, cell biomass of strain 13-9-B8 T , L. marina KACC 15206
T were harvested from MA after incubation for 3 days at 30 8C. Genomic DNA was extracted and purified according to the method described by Sambrook & Russell (2001) , except that RNase T1 was used in combination with RNase A to minimize RNA contamination. The 16S rRNA gene was amplified by PCR using two universal primers, 8F (59-AGAGTTTGATCCTGGCTCAG-39) and 1492R (59-GGYTACCTTGTTACGACTT-39). The purified PCR product was sequenced by Solgent (Daejeon, Korea). Phylogenetic neighbours were identified using GenBank (http://www.ncbi.nlm.nih.gov/blast/) and the EzTaxon-e server (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) . Alignment of sequences was generated using CLUSTAL W software (Thompson et al., 1994) . A phylogenetic tree was reconstructed from the evolutionary distance data with the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) methods using MEGA6 (Tamura et al., 2013) ; bootstrap values were calculated based on 1000 random replicates (Felsenstein, 1985) . Isoprenoid quinones were extracted according to the method of Komagata & Suzuki (1987) and then analysed by HPLC (Shimadzu) with a reverse-phase column (ODS-A, 15064.6 mm; YMC). The fatty acid methyl esters were saponified, methylated and extracted using the standard protocol of the MIDI/Hewlett Packard microbial identification system (Sasser, 2001) . Fatty acids were analysed by gas chromatography (6890N; Agilent) and identified by using the TSBA6 database of MIDI (Sherlock Microbial Identification System, version 6.1). Polar lipids were extracted from freeze-dried cell materials according to the method of Minnikin et al. (1984) and separated by two-dimensional silica-gel TLC using chloroform/methanol/water (65 : 25 : 3.8, by vol.) for the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 1.8, by vol.) for the second dimension (Minnikin et al., 1977) . Total lipids and specific functional groups were detected using molybdophosphoric acid, molybdenum blue, ninhydrin, a-naphthol and Dragendorff's reagent, as described by Minnikin et al. (1984) and Komagata & Suzuki (1987) . The DNA G+C content was determined by HPLC analysis of deoxyribonucleosides as described by Tamaoka & Komagata (1984) , using a reverse-phase column (ODS-A, 15064.6 mm; YMC). The DNA G+C content (mol%) of strain 13-9-B8
T was calculated according to the method of Mesbah et al. (1989) .
The nearly complete 16S rRNA gene sequence of strain 13-9-B8 T determined in this study comprised 1462 nt. Strain 13-9-B8
T showed the highest 16S rRNA gene sequence similarity to L. marina KACC 15206 T (95.6 %) and other members of the genus Lewinella (91.5-91.4 %). The neighbour-joining phylogenetic tree based on 16S rRNA gene sequences showed that strain 13-9-B8
T was related to members of genus Lewinella within the family Saprospiraceae and clustered with L. marina MKG-38 T , which was supported by a bootstrap resampling value of 100 % (Fig. 1) . The relationship between strain 13-9-B8 T and L. marina MKG-38 T was also maintained in the tree topology reconstructed using maximum-likelihood and maximum-parsimony algorithms (Fig. 1) .
The detailed morphological, cultural, physiological and biochemical characteristics of strain 13-9-B8
T are presented in the species description (see below) and Fig. S1 (available in the online Supplementary Material), and alongside comparative data with L. marina KACC 15206 T in Table 1 .
The predominant isoprenoid quinone detected in strain 13-9-B8 T was menaquinone-7 (MK-7) in line with that observed in all type strains of species of the genus Lewinella (Khan et al., 2007; Lee, 2007; Oh et al., 2009) . The cellular fatty acid profile of strain 13-9-B8
T was compared with that of the closely related type strain L. marina KACC 15206 T , which was grown and analysed under identical conditions T and members of the genus Lewinella and other representatives of the phylum Bacteroidetes. Bootstrap values (above 70 %) based on 1000 replications are shown above nodes for the neighbour-joining and below nodes for the maximum-likelihood and maximum-parsimony methods, respectively. Filled circles indicate that the corresponding nodes were recovered by all treeing methods. Open circles indicate that the corresponding nodes were recovered by neighbour-joining and maximumlikelihood methods. *Bootstrap value obtained from maximum-likelihood. Rhodothermus marinus OKD7 (GenBank accession number X95071) was used as an outgroup. Bar, 0.02 substitutions per nucleotide position.
( Table 2 ). The major fatty acids (.10 % of the total fatty acids) found in strain 13-9-B8 T were summed feature 3 (36.3 %), iso-C 15 : 0 (29.2 %) and iso-C 17 : 0 3-OH (12.6 %) ( Table 2 ). The fatty acid patterns of strain 13-9-B8 T and the reference strain appeared to be similar, with both containing large amounts of unsaturated fatty acids and branched fatty acids, although there were differences in the proportions of some fatty acids ( Table 2 ). The polar lipid profile of strain 13-9-B8 T was the same as that of the type strain L. marina KACC 15206 T in that phosphatidylethanolamine, one unidentified aminolipid, one unidentified phospholipid and eight unidentified lipids were major polar lipids (Fig. S2) . The DNA G+C content of strain 13-9-B8 T was 59.1 mol%, a value that lies within the range reported for members of the genus Lewinella (45-61 mol%) (Khan et al., 2007; Lee, 2007; Oh et al., 2009 ).
Based on phylogenetic and chemotaxonomic analysis, strain 13-9-B8
T was found to be a member of the genus Lewinella. However strain 13-9-B8
T could be differentiated from L. marina KACC 15206
T with regard to some phenotypic characteristics, including hydrolysis of macromolecules, enzyme activities and antibiotic resistance (Table 1) and fatty acid compositions (Table 2) . Accordingly, given the phylogenetic, genomic, chemotaxonomic and phenotypic data presented, strain 13-9-B8
T represents a novel species within the genus Lewinella, for which the name Lewinella xylanilytica sp. nov. is proposed.
Description of Lewinella xylanilytica sp. nov.
Lewinella xylanilytica [xy.la.ni.ly9ti.ca. N.L. neut. n. xylanum xylan; N.L. fem. adj. lytica (from Gr. masc. adj. lytikos) , 60 and 80 and tyrosine; enzyme activity of alkaline phosphatase, leucine arylamidase, valine arylamidase, N-acetyl-b-glucosaminidase and para-nitrophenyl-b-D-galactopyranosidase; assimilation of D-glucose, L-arabinose, D-mannose and maltose; resistance to amikacin, kanamycin, nalidixic acid, neomycin and streptomycin. Both strains were negative for Gram-staining; production of flexirubin-type pigments, acetoin and H2S; citrate utilization; glucose fermentation; hydrolysis of hypoxanthine, urea and xanthine; enzyme activity of lipase (C14), a-chymotrypsin, acid phosphatase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase, a-fucosidase and arginine dihydrolase; assimilation of D-mannitol, N-acetylglucosamine, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid; resistance to carbenicillin, cefalotin, chloramphenicol, lincomycin, novobiocin, polymyxin B, rifampicin, tetracycline, trimethoprim and vancomycin. +, Positive; 2, negative; W, weakly positive. Ribose 2
59.1 61* *Data were taken from Khan et al. (2007) . Cells are Gram-staining-negative, non-flagellated, nongliding and non-spore-forming rods or curved rods, 1.5-5.0 mm in length and 0.5-0.8 mm in width; some cells are longer than 10 mm. Cells grow well on MA but do not grow on NA, TSA or R2A. Colonies on MA are circular, convex, smooth and glistering orange in colour and 1.0-1.5 mm in diameter after 3 days of incubation at 30 uC. Growth occurs at 4-35 uC (optimum 30 uC); slow growth occurs at 4 uC, at pH 5.5-9.0 (optimum pH 7.0) and with 0.5-5.0% (w/v) NaCl (optimum 1-2%); weak growth occurs with 0 and 6% (w/v) NaCl. and assimilation of D-glucose, L-arabinose, D-mannose and maltose are positive, whereas indole production, glucose fermentation, arginine dihydrolase, urease, gelatin liquefaction activities and assimilation of Dmannitol, N-acetylglucosamine, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid are negative. In the API ZYM gallery, tests are positive for alkaline phosphatase, leucine arylamidase, valine arylamidase and N-acetyl-b-glucosamidase, and weakly positive for esterase (C4) esterase lipase (C8), cystine arylamidase and naphthol-AS-BI-phosphohydrolase. Tests are negative for lipase (C14), trypsin, a-chymotrypsin, acid phosphatase a-galactosidase, b-galactosidase (substrate 2-naphthyl b-D-galactopyranoside), a-glucosidase, b-glucosidase, a-mannosidase and a-fucosidase activities. Susceptible to carbenicillin, cefalotin, chloramphenicol, lincomycin, novobiocin, polymyxin B, rifampicin, tetracycline, trimethoprim and vancomycin but resistant to amikacin, ampicillin, erythromycin, kanamycin, nalidixic acid, neomycin, penicillin G, streptomycin and sulfamethoxazole. The predominant isoprenoid quinone is MK-7. The major polar lipids are phosphatidylethanolamine, one unidentified amino lipid, one unidentified phospholipid and eight unidentified lipids. Major fatty acids (w10% of total fatty acids) are summed feature 3, iso-C 15:0 and iso-C 17:0 3-OH.
The type strain of the species is strain 13-9-B8 T (5DSM 29526 T 5KCTC 32663 T ), was isolated from seawater collected at Marado in Jeju, Korea. The DNA G+C content of the type strain is 59.1 mol% (determined by HPLC).
